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markers for the characterization of MSCs was then 
assessed by flow cytometry on a FACSCanto II (BD, 
Becton Dickinson Biosciences, NJ, USA) and analysis 
was carried out with FACS DIVA™ and FlowJo-V10® 

software. Negative and FMO (Fluorescence minus 
one (FMO) controls were used to help set gates for 
flow cytometry.

2.5. RNA isolation and quantitative RT-PCR 
analysis 
RNA isolation and quantitative RT-PCR analysis. 

Total RNA was extracted from MSCs using the Nu-
cleospin RNA II kit® (Macherey-Nagel GmbH& Co, 
Dueren, Germany, according to the manufacturer’s 
instructions. Photometric assessment of total RNA 
concentration was done with measurement of optical 
density (OD) in 260 nm and 280 nm. 1 μg of total RNA 
was used for cDNA synthesis (complementary DNA) 
with the use of PrimeScript RT Reagent Kit (Perfect 
Real Time) (TaKaRa) according to the manufacturer’s 
instructions on a SimpliAmp Thermal Cycler, (Thermo 
Fisher). Quantitative RT-PCR (qPCR) was performed 
in Real Time PCR QuantStudio 5® (Thermo Fisher 
Scientific, USA) according to the manufacturer’s 
instructions using specific primers for MSC genes of 
interest (IGF2BP1, NANOG, SOX2, GLI1, P21, CMYC, 
OCT4) and the housekeeping gene GAPDH (Table 2). 
The final volume of reaction per sample was 20 μL. 
Two hundred nanograms of cDNA in 2 μL solution 
were mixed with 10 μL of KAPA SybrFast qPCR kit 
(Kapa Biosystems, Boston, MA), 6,8 μL of PCR-grade 
water, 0,4 μL of 10μΜ forward primer, 0,4 μL of 10 
μΜ reverse primer 0,4 μL of 50x ROX High/Low. 
PCR conditions were the following: Enzyme activa-
tion with one cycle in 95 oC for 20 sec, 40 cycles of 
each 41 sec (95 oC for 1 sec, 54-60 oC depending of 
the primer pair for 20 sec, and 72 oC for 20 sec) for 
denaturation – annealing-extension- data acquisi-
tion and one cycle in 95oC for 1 sec for dissociation. 

To confirm amplification specificity, a melting curve 
analysis was performed at the end of each cycle. The 
DDCt method was used for data analysis of gene 
expression levels, as previously described9. GAPDH 
was used as housekeeping gene. The mRNA levels 
of the genes investigated in MSCs were normalized 
to normal umbilical cord mesenchymal stem cells 
(Umbilical cord-derived mesenchymal stem cells, 
UC-MSCs).

2.6. Statistics
Non Parametric Mann-Whitney U-test, Two-tailed, 

was performed using GraphPad Prism® version 8.4.3 
for Windows, www.graphpad.com). The minimum 
level of significance was set at 0.05 (*P <0.05).

Table 2. Primer sequences and annealing tem-
peratures (in Celsius scale) used for RT-PCR of the 
IGF2BP1, NANOG, SOX2, GLI1, P21, CMYC, OCT4 
genes. Housekeeping gene in this study is GAPDH.




